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FORNWORD

Specific reagents have been identified which will form

colored reaction products with TNT, RDX and Nitrate esters

(PETN, EGDN). Leather was shown to be the only common material

incompatible with the spray. A decrease in sensitivity was

observed on dark-colored paper because the reaction product

and the background were similar in color. The high sensitivity

of these reagents (0.4 jsg) and their low expected false alarm

rate should provide an explosive detection capability suitable

for letter and package bombs.

Future work will be conducted at Naval Explosive Ordnance

Disposal Facility. The spray's maximum sensitivities will be

determined under ideal conditions using white filter paper and

under real-world conditions using typical envelopes and flats

which have arrived at NAVEODFAC via the U.S. Mail. Common

materials which may give false alarms and the feasibility of using

the two sets of sprays sequentially will also be investigated.

The result will be an inexpensive easy-to-use spray detection

kit with known real-world sensitivity.

w' wa. tu DR. LYLE NALOTKY
""CUIU i Project Officer

W! Naval Explosive Ordnance Disposal
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INTRODUCTION

Recently, the sending of explosive devices, even as letter bombs,
package bombs, and luggage bombs through the mall, and the use of
explosive devices against both the civilian and military population
has increased in certain nations. While not yet a major problem in
the United States, the possibility of it becoming a serious problem
should not be overlooked. Not knowing whether a suspicious looking
letter or package contains explosives and is likely to detonate, produces
anxiety avong people who must handle these packages, and those concerned
with their safety. It is known that small quantities of explosives are
sometimes deposited on the outer surface of letter bombs and packages

during the preparation of the explosive device. Most explosives used
in the preparation of such a device have sufficient vapor pressure at
ambient conditions to diffuse traces of these explosives to the surface.
These small quantities of explosives should be detectable under proper
conditions. Currently there are no teat kits available that are spe-
cifically designed to detect trace quantities of explosives. Hence this
program was initiated to develop such a kit.

The proposed study is designed to develop a Pimple, portable kit
which will permit a person to determine whether a suspicious looking
letter or package contains explosives. The test kit should be simple,
easy to operate, and give the results rapidly. It is preferable that
the test reagent be colorless or at least very light in color. It
is recognized that more than one consecutive reagent may be required
in order to give a definite answer. Further, the test reagent should
be nontoxic and should be safe if sprayed on humans. The test reagent
spray should not deface the letters or packages in any way, should be
specific for explosives, and give no false positive or negative
detections. Finally, the test reagent should show good sensitivity
since the quantities of explosive being detected are likely to be quite
small. The capability to distinguish between explosives is highly
desirable, but this does not appear feasible with a single reagent.
However, it should be possible to do this with a series of several
reagents. Specifically, this study is concerned with: (1) the study of
the chemistry of the various classes of explosives likely to be found
in letter bombs and package bombs, with special emphasis on their color
forming reactions; (2) the study of the color forming reactions to
determine which ones might be suitably specific and adaptable to a test
kit; and (3) the design of the test kit.

In summary, the kit resulting from this project should:

(1) Have the ability to detect very low surface densities of
dynamite, trinitrotoluene, RDX, and pentaerythritol
tatranitrate.

i
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(2) Be specific and give few false positive reactions and
if possible the comon inferences for the test should be known,

(3) Use reactants which are not extremely toxic or highly
corrooive.

(4) Involve a maximum number of three or tour spray

reagents.

(5) Have a shelf life of at least three months.

In addition, it would be highly desirable that the kit be able to
differentiate among the various types of explosives and should be
nonstaining and noncorrosive on the common surfaces on which it will be
used. These surfaces include paper of all types, leather, and certain
plastics which are used in the manufacture of luggage.

Those explosives that are currently of prime interest include
the following.

(I) Dynamite (NG and EGDN)

(2) 2,4,6-Trinitrotoluene (TNT)

(3) Cyclonite (RDX)

(4) Pentaerythritol tetranitrate (PETN).

RESULTS

The properties of those reagents for the detection of TNT, the nitrate
esters (NG, PETN and EGDN), and RDX that were selected for further
consideration are presented in Tables Al, A2 and A3. As can be seen from
the tables, a number of reagents, potentially useful to the 0.4 microgram
level, have been identified for all three classes of explosives.

The toxicity data were all obtained from "The Toxic Substance List,"
1974, ad., H. Christiansen, ed., U. S. Department of Health, Education and
Welfare, HEW Pub. No. (NIOSH)74-134. It should be kept in mind that when
the toxicity data are listed as unknown it merely means that the data are
not presented in the compilation. Time did not permit a literature search
to determine whether the data were available elsewhere.

The candidate reagents for the detection of TNT, nitrate esters and
RDX were thoroughly evaluated and a number of potential reagents eliminated.
Selected reagents were then given a second evaluation to determine whether
the reqults previously obtained were reproducible. Following this step
even more reagents were elimJnated from consideration, leaving only
three candidate reagents for the detection of TNT and six candidate
reagents for the detection of the nitrate esters and RDX.
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Storage teats were conducted on these reagents, and their ability
to detect the explosives of interest on a variety of substrates was
examined. The subject of possible interferences present in the various
substrates is also addressed. Finally, a single reagent ws selected
for each of the three classes of explosives of interest.

2.4.6-Trinitrotoluene (TNT)

At the end of the broad reagent screening portion of this program
a total of 45 candidate reagents for the detection of TNT remained. The
first step in elimination of some of the reagents from further consider-
ation was a thorough evaluation of all the candidates. This involved
carrying out the color generation in solution and measuring the absorption
maximum and the absorptivity. The result of this evaluation is presented
in Table A4. On the basis of these experiments 11 of the reagents
were selected for further evaluation,. The thorough evaluation of these
11 reagents was then repeated to determine the reproducibility of the
reagent systems. The comparison of the results of the two series of
experiments are collected in Table AS.

Although the comparisons between the two series of experiments do
not agree well in some instances, three candidate reagent systems were
selected for further consideration. These reagent systems are:

(1) 1,3-Diphenylacetone-Et NOH

(2) Cyclopentanone-Et 4NOH

(3) Nitromethane-ET4 NOH

All of these reagents employ ethanol as the solvent. All three reagents
were subsequently prepared and stored at room temperature for a period
of five weeks, with the sensitivity of the reagent being checked weekly
and any color change in the reagent noted. The results of these
storage tests are sho%n in Table A6. Although all three reagents undergo
a color change on storage, this does not appear to affect their ability
to detect low levels of TNT. All reagents were capable of detecting
0 . 4-jg of TNT at the end of five weeks of storage. The color of the
reagents seemed to stabliize after about two weeks; no further color
changes were noted after this period. It is anticipated that these
systems will be stable for an even longer period, but time did not permit
further storage tests. Since the reagent based on 1,3-diphenylacetone
underwent the least color change, this is the reagent of choice.

Since all three reagents had the same capability for the detection
of TNT when freshly prepared, only one of the systems, cyclopentanone-
ET NOH, was examined for its ability to detect TNT in the various
sugstrates. A total of 34 substrates was examined aud these results
are presented in Table A7. With the possible exception of leather, the
reagent responded satisfactorily on all the substrates. On leather

3
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it is impossible to detect small quantities of TNT, but this could
possibly be due to the fact that the color of the leather (brown)
obscured the positive response of the small amounts of explosive.

The reagent of choice for the detection of TNT is based on 1,3-
diphenylacetone and tetreethylammonium hydroxide in methanol. The
spray reagent is prepared by adding 5 grams 1,3-diphenylacetone and 5
milliliters 20 percent tetraethylamnonium hydroxide in methanol to 100
milliliters ethanol. When the system described above is used as a
spray reagent the presence of TNT produces a red or red-orange color.
This reagent is sensitive to at least the 0.4 1S level of TNT and may
be useful at even lower levels. No tests were conducted at lower levels.

This reagent is reported to be specific for polynitro aromatic
compounds. Thus it will detect compounds other than TNT, and these other
polynitro aromatic compounds could be considered as interferences for this
test. However, consultation with paper and packaging experts indicate
that such compounds are not very likely to be encountered in the various
substrates. No polynitro aromatics are used in the preparation of
various types of paper, cardboard, or other substrates of interest, nor
are they used as additives to these substrates. Thus a positive response
to this reagent on various substrates probably indicates the presence of
TNT.

Nitrate Esters

At the and of the broad reagent screening portion of this program
almost 100 candidate reagents remained under consideration. A thorough
evaluation of most of these reagents was the first step in reducing the
number of potential reagents. This involved carrying out the color
generation reactions in solution and measuring the absorption maximum
and the molar absorptivity. The results of these experiments are collected
in Table A8. No reagents involving azulene were examined. Based on the
results of these experiments 36 of the candidate reagents were selected
for further examination. These reagents were reexamined to determine
the reproducibility of the reagent systems. The comparison of the
results of the two experiments are collected in Table A9. It can be
seen from this table that much better agreement between the two experi-
ments was obtained than was obtained with the TNT reagents. On the basis
of these results six reagents were selected for further examination. All
gave molar aboorptivities around 50,000 and yielded a red color. These
reagents included the following.

(1) p-Aminobenzoic acid
N-Phenyl-i-naphthylamine

(2) p-Aminoacetophenone
N-Phanyl-l-naphthylamine
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(3) Diaminodiphenylsulfone
N-Phenyl-l-naphthylazine

(4) p-Aminobanzonitrile
4' N-Phenyl-l-naphthylamine

(5) Procaine
N,N-Dimethyl-l-naphthylamine

(6) Sulfanilamide
N-Phanyl-l.naphthylamine

All the reagents are prepared in 50/50 acetic acid/water and are applied
following a spray of zinc dust in benzene.

All six of the reagents described above were subsequently prepared
and stored at room temperature for a period of five weeks, with the
sensitivity of the reagent being checked weekly and any color change In
the reagent noted. The results of this study are presented in Table A10.
All of the reagents developed some color on storage. However this color
did not deter from the reagents' ability to detect low levels of the
nitrate esters. All detected the nitrate ester at 0.4 ig even after
five weeks of storage. There is every reason to believe that this reagent
is stable indefinitely since it is merely a solution of a primary
aromatic amine and a coupling agent in aqueous acetic acid. These two
components should not react with each other. As mentioned previously, all
the reagents developed a slight amount of color but this color is probably
due to the traces of nitrate ion present in the water supply. The
reagent that developed the least color is based on procaine and N,N-
dimethyl-l-naphthylamine, and this is the reagent of choice for the nitrate
ester detection.

Since all six reagents had the same sensitivity when freshly prepared,
only the reagent consisting of procaine and N,N-dimethyl-l-naphthylamine
was examined for its ability to detect PETN on the various substrates.
A total of 34 various substrates were examined and the results of this
experiment are presented in Table All. As can be seen from these results,
the reagent has good sensitivity on almost all of the substrates. In
the case of the one leather sample examined, no positive response was
obtained. The leather turned very dark brown, possibly obscuring the
positive response, and became very brittle. In the case of polyethylene
and polyvinyl chloride the colors faded and with several of the dark brown
substrates quantities less than 100 micrograms of PETN could not be
readily detected. It was also noted that in one instance a weak positive
response was given by the glue on one of the envelopes. In sunmary, this
reagent appears to work well on most of the substrates.

The reagent of choice is prepared by dissolving 0.35 grams of
procaine and 0.35 grams of N,N-dimethyl-l-naphthylamine in a 100 milliliter
mixture of 50/50 acetic acid/distilled (or deionized) water. It should
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be pointed out that the use of distilled water is very important in the
preparation of this reagent. The use of ordinary tap water is likely
to result in a highly colored reagent because of the presence of nitrite
ion. This reagent ie applied as a spray following a spray of a
suspension of 10 grams of zinc dust in 100 milliliters of benzene. The
presence of nitrate esters is indicated by the development of a red or
red-violet color. This reagent is sensitive to at least the 0 .4 ; g level
of the nitrate esters and may be useful at even lower levels. However no
tests were conducted at lower levels.

This reagent is specific for nitrite ion or compounds that will
liberate nitrate ion under the conditions of the test. Thus, RDX is also
detected by this reagent. However in consultations with paper and
packaging experts it has been determined that neither nitrite ion (nitrite
salts) nor nitrite ion releasing compounds are a usual component or
additive to the substrates of interest. Thus this reagent system should
be specific for the nitrate esters and RDX.

RDX

At the end of the broad reagent screening portion of this program
almost 80 potential RDX reagents were still under consideration. In order
to eliminate a number of these reagents from further consideration the first
step was the thorough evaluation of most of these reagents. This involved
carrying out the color generation reaction in solution and me~suring
the absorption macimum and molar absorptivity of each reagent system.
The results of these studies are presented in Table A12. It should be
pointed out that no azulene-based reagents were examined. On the basis
of these experiments 36 reagents were selected for further study. These
are essentially the same reagents selected for the detection of the nitrate
esters. These reagents were reexamined to determine the reproducibility of
the two experiments. The results of this comparison is presented in
Table A13. As can be seen from this table, very good agreement was obtained
in the two experiments. On the basis of these results six of the reagents
were selected for continued study. The selected reagents ore the same ones
Pelected for the nitrate ester determination. All givc red colors in the
presence oi RDX and exhibit molar obsorptivities in the 50,000 range. All
use 50/50 acetic acid/water as the solvent and are applied following the
zinc dust spray. The reagents selected are listed below.

(1) p-Aminobonzoic acid
N-Phenyl-l-naphthylamine

(2) p-Aminoacetophenone
N-Phonyl-l-naphthylamine

6
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(3) Diaminodiphtnylsulfone
N-Phenyl-±-naphthylamina

(4) p-Aminobansonitrile
N-Phenyl-l-naphthylamine

(5) Procaine
N,N-Dimethyl-l-naphthylamine

(6) Sulfanilamide
N-Phanyl-l-naphthylamine

All six of the above reagents were prepared and put on storage
tests for five weeks at room temperature, with the sensitivity and any
color change in the reagent being noted weekly. The results of these
storage tests are presented in Table A14. In storage, all the reagents
developed a slight color but this did not interfere with the reagents'
ability to detect RDX. All six reagents responded to RDX at the 0.4 Ag
level even after five weeks of storage. It is anticipated that these
reagents are stable indefinitely and that the color will not change to any
extent since most of the color was present initially and did not deepen
in storage. That reagent with the least color was based on procaire-N,N-
dimethyl-l-naphthylamine, and this is the reagent of choice.

The reagent consisting of Procaine and N,N-dimethyl-l-naphthylamine
was selected as being representative of the six reagenta, and Its ability
to detect RDX on various substrates was examined. A total of 34 substrates
were examined and the results are collected in Table A15. The sensitivity
of this reagent for RDX on the various substrates appears to be adequate for
its intended purpose. With the exception of leather, the reagent detected
RDX on all the substances. In the case of the one leather sample examined
it turned very dark brown, possibly obscuring a positive response and
became very brittle. Although in several instances the RDX detection
limit was 40 micrograms, in moot instances the detection level was 4.0
or 0.4 micrograms of RDX. In one instance the glue on one of the
substrates did give a weak positive response. In suzma.-y, a r~agent of
this type does appear to be usable on a variety of substrates.

The reagent of choice for the detection of RDX is the same reagent
chosen for nitrate ester detection, and is prepared by dissolving 0.35
grams of procaine and 0.35 grams of N,N-dimethyl-l-naphthylamine in 100
milliliters of a mixture 50/50 acetic acid/distilled (or deionized) water.
It is important to use distilled water since the use of ordinary tap water
is likely to result in a highly colored reagent because of the presence of
nitrite ion in the water. This spray reagent is applied following a spray
of a suspension of 10 grams zinc milliliters benzene. A positive response
is evidenced by the development of a red or red-violet color. This
reagent is sensitive to at least the 0.4 sg level of RDX and may be
useful to even lower levels but we did no studies at lower levels.
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This reagent is specific for nitrite ion or compounds that v•il
liberate nitrite Ion under the conditions of the test. Thus the nitrate
eaters vwil also respond to this reagent. Hovever paper and packaging
experts report that neither nitrite ion (nitrite salts) now nitrits Ion
releasing compounds are a usual component or additive to the substrates
of interest. Thus this reagent system should be specific for RDX and the
nitrate eaters.

I
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APPENDIX A
PROPERTIES OF DETECTION REAGENTS AND REACTION PRODUCTS
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TABLE A.4 PROPERTIES OF THE TNT DETECTION SYSTEMS

X max Molar Absorhance

Reagent mu C Solvent

l,5-Diazabicyclo(5.4.0]undec-5-ene 530 10,000 DM50

Nitron 525-535 5,700 DMSO

l,5-Diazabicyclo[4.3.O]non-5-ene 535-545 9,100 DMS0

Bis (4-Dimethylaminophenyl)znethane 505-530 38 DM50

2, 3,5,6-Tetramethyl-'p-phienylenediamine 513-530 307 DMSO

Di-(9-JulolidyI)methans 510-528 76 DMSO

1,4-Diazabicyclo[2.2.2loctane 520-530 4,500 DMSO

l,8-Bis(diniethylamino)naphthalene 532 840 DMSO

3,4-Dimethoxyphenylacetonitril~e-Et 4NOH 503-513 5,910 EtOH
458-465 6,140

Bezlctn-t4NH468 6,360 EtOH
Benzlacton-EtNOH505 5,910

3-Methyl-2-hexanone-Et 4NOH 500-512 5,910 EtOH

Phenyl-2-propanone-E 4 NOH 508 5,910 EtOM

4-Chlorophenylacetonitrile-Et4 MOH 512 17,270 EtOli

Phenylacetonitrile-Et NOH 505-515 11,140 EtOH

p-Methoxyphenylacetonitrile-Et 4NORl 508-515 6,820 EtOH
460 7,955

l,3-Diphenylacetone-Et NOH 500 32,270 EtOH

5-Hexene-2-one-Et NOH 468 6,365 EtOH

l-Phenyl-2-butarione-Et 4NOH 510 6,590 ZtOH

4,4-Dimethoxy-2-butanone-Et 4NOII 575-505 2,955 ZtOH

Propiophenone-St 4NOH 465 6,820 EtOH

Cylhxnn-tNH515 10,230 stOu

Cycoheanoe~tNOH465 8,410
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TABLE A-4 (Continued

max Molar Absorbanca

Reagent mu 4 Solvent

1,3-Dicarbomethoxyacetone-Et 4NOH 495-500 1,000 EtOR

Cholestan-3-one-Et 4NOH 505 4,775 EtOH

Progesterone-Et 4NOH 438 5,170 EtOH
490 5,055

17-Methylestosterone-Et 4NOR 492-505 3,410 EtOH
438 3,070

Pregnenlone-Et 4NOH 495-505 3,600 EtOH
435 3,410

Testosterone-Et 4NOH 500-510 2,615 EtOH
437 2,045

TiCl 3-Diphenylacrolein 460 (a) 40 EtOH

TiCI 3-Dimethylaminobenzaldehyde 4 60 (a) 60 EtOR

TiCi 3-4-Dimethylazninocinnamaldehyde 550 1,230 EtOH

TiC1 3-N(4-Pyridyl)pyridinium chloride 4 90 (b) 1,250 EtOH

SnCl 2-2-Hydroxy- 1-napbthaldehyde 460 ()85 EtOH

SnCl -2-Chloro-4-diuiethylamino- 4 60(a) 75 EtOH

benialdehyde

SnC1 2-?Mothyl-4-dimethylainino- 460 (a) 85 EtOH
benia Idehyde

SnC1 2-Vanillin 460 (a) 75 EtOH

SnCI 2 -N(4-Pyridyl)pyridiniwn chloride 4 9 0 (b) 1,590 EtOH

SnC1 -2-Bromo-4-dimethylamino- 460 (a) 45 E tOH

benia ldehyde

SnCl -2-Phenoxy-4-dimethylamino- 4 6 0 (a) 60 EtOR
benialdehyde

SnCl 2-4-Dimethyilaminocinnamaldehyde 520 45 EtOH

SnC1 -2,5-Dimethoxy-4-dimethylamino- 460 (a) 60 EtOH
begzaldehyde

SnCl 2 'Diphenylacrolein 460(a)50EO



TABLE A4 (Continued)

max Holar Absorbance
Reagent mu 6 Solvent

SnCl 2 -4-Dimethylaminobenzaldehyde 460(a) 160 EtQH

SnC12-4-Diphenylaminobenzaldehyde 460 (a) 60 EtOH

p-Nitrooodimethylaniline 422 11,025 EtOH

KOH-Methylcellosolve 505-.535 8,409 Methylceelosolve

(a) No absorption peak was evident in this spectra but since the solution was
yellow the absorbance was taken at 460 mu, the middle of the yellow
absorption band.

(b) No absorption peak was evident in this spectra but since the solution was
orange the absorbance was taken at 490 mu, the middle of the orange
absorption band.
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TABLE A4 EVALUATION OF NITRATE ESTE REAGENTS

lioa out 0 na Solvent

p-Aminobeqnzoic acid 555 36,666 HOAc-li20
N (1-Naphthyl )ethylenediamine

4-Amtnosalicylic acid 550 27,333 likc-li20
N (1-Naphthyl)ethylenediamine2

4-Aminoacetophanone 515-525 12,500 HOAC-H20N-Phanyl -2 -naphthylamine

o -Diania idine 455 25,500 HoAC-li20
m-Phenylonediamnine

1 -Andnopyrene 435 5,417 H0&6-H2O
(yal -green)

Sulfanilic acid 453 19,778 li0Ac-H 2O
m-Phenyloned lamine

N,N-Diphenyl-p-phanylenediamine 520 8,667 R0A,6-l 2O

Indole 465 1,000 HOkc-R20
(yellow)

p-Chloroaniline 550 14,333 HOAwb-li20
N ,N-Dimethyl -1-naphthylasnine

2-Naphthylamine-6,8-dioulfonic acid 558 5,500 li0Ac-H 2O
N ,N-Dimethyl -1-naphthylamine

N,N,N' ,N' -Tetramethyl-p-phenylenediamine 618 70,000 H0A&-H 20
565

o-Tolidine 440 16,500 flOAG-l 20

Procalne 530-535 42,333 H0&cs-l 20
N ,N-Diaeothyl -1-naphthylamine

Sul~fanilic acid 543 21,667 WiAd-H20
N ,N-Dimethyl -l-naphthylamine

p-Nitroanilins 528 45,333 HOAC-H20
N ,N-Dimethyl-l.naphthylamin~e
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TABLE A4 (Continued)

Reagent ~max 4 Solvent

Tetramethylbenzidine 470 7.833 HOAv-Hi20

m-Phenylenediamine 450 16,444 110M -H20

1-Aanino-7-naphthalenesulfonic acid 560 7,833 IIOMC-l 20
N(l -Naphthyl)ethylenediamine

Suifanilic acid 550 33,333 liOA&-H 20
N (1-Naphthyl )ethylenediamine

p-Nitroaniline 545 28,333 HOA-H2O
N (1 -Naphthyl) ethylenediauiine

Procaine 550 30,667 ROAr.m-H20
N(l -Naphthyl)ethylenediamine

2-Naphthylamine-6,8-diaulfonic acid 550 5,333 HOMC-H 20
N(1-Naphthyl) -ethylenediamine

p -Toluidine 570 11,667 HOM -520
N (1 -Naphthyl)ethylenediamine

p -Chiorani line 560 22,000 HOAC-H 20
N (1 -Naphtyl )ethylenediazuine

p-Asninobenzonitrile 544 40,667 ROAm -120
N (1 -Naphthyl )ethylenediamine

p-Phenylazoaniline 498 175,000 HOAt-H20
N (1 -Naphthyl)ethylenediazuine

Diaminodiphenyl sulfone 550 34,000 HOAz .120
N (1 -Naphthyl)ethylenediamine

2-Etthoxy-3,6-Diamivoacridine 553 10,167 Hi0AC-li20
N (1-Naphthyl) ethylenediamine

3-Aminobentotrifluoride 542 26,333 HOAOC4 20
N (1-Naphthyl )ethylenediamine

Diaminodiphenyloulfone 532 39,000 110Am-1120
N ,N-Dimethyl -1.-Naphthylamine

4-Amino-6-Chloro-ea-benzenedieiulfonamide 480 233 HOAC-U20
N (1 -Naphthyl) ethylonediamine
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TABLE A-8 (Continued)

Reagent %ma Solvent

p..Aminoacetophenone 538 43,000 ROAO-H20
N,N-Dimethyl-l -naphthylamiae

p.Aminobentonitrile 528 38,333 ROM~ -H20
N ,N-Diamthyl -1-Naphthylamine

p-Aminobenzoic acid 535 47,333 HOA&..H 20
N ,N-Dimethyl -1-Naphthylamine

Sulfanileamide 544 33,000 H1AC-H 2 0
N (1-Naphthyl)ethylenediamine

Sulfanilamnide 524 44,667 HOA&-H20
l-Amino-7-Naphthalenesulfonic acid

44.minoacetophenone 530 17,333 R0A9;-li20
1-Amino-7-Naphthalenesulfonic acid

3-Aminobeazotrifluoride 521 15,000 ROA&-H20
1-Amino-7-Naphthaleneaulfonic acid

p-Aminobenzonitrile 520 18,667 IIOA&-1 20
1 4.mino -7 -Naphthalenesulfonic acid

Diaminodiphenyl Sulfone 528 39,333 li0Ac,-H 2O
1-.A~milo -7 -Naphthaleneuulfonic acid

p-Aminobenzoic acid 529 24,333 liOMc-l 20
1 4.mino -7 -Naphthalenesulfouic acid

Sulfanilamide 529 36,667 HOA&-H20
N ,N-Dimethyl -1-Naphthylamine

3-Aininobenzotrifluoride 532 25,667 liOAe-1 20
N ,N-Diuaethyl -1-Naphthylamine

Sulfanilic acid 565 2,333 I1AC-d20
k N-Phonyl-1-Naphthylamine

p-Aminobenzonitrile 556 40,333 HOAQ-li20
N-Phenyl -1-Naphthylamine

4-Aminoacetophenone 565 43,000 liOAC-H 20
N-Phenyl -1-Naphthyliamine
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TABLB A4 (Continued)

Reagent ~m ovn

p.Aminobanuoic acid 563 41,667 HOft .(20
N -Phenyl -1-Naphthylamine

lqAmaino..4-Chloro-3-Toluienesuufonlc acid 535 28,667 IIOAc-R20
l..Amino-7-Naphthalenesulfontc acid

1-.Amino-4-Chloro-3-Toluenesulfonlc acid 548 9,333 HOI~c-H 20
1 ,8-Naphthalonediamine

l-Amino-4-Chloro-3-Tolueneuulfonic acid 552 8,000 HOAc-li20
N (1 -Nalshthy1) ethylenediamine

Sul fanilamide 544 17,000 liOAc-1120
1,*8-Naphthaloendiamine

Sulfanilic acid 550 9,000 1KOAc-M 20
1,*8-Naphthalenediamino

Diaminodiphonyloulfons 518 8,333 HOAc .H20
N -Phonyl1 2 -Naphthylamine

Di-o-Anisidine 564 14,333 iOA~c-H20
1-Amino -7 -Naphthaloenoulfonic acid

4-Aminoacetophenone 552 31,333 liOAc-l 20
N (1 -Naphthyl)ethylenediamine

1-Amino-2 ,5-Dicbloro-4-Benzenesulfonic 540 31,333 HOAC 4120
acid
1-Amino-7-Naphthalonesulfonic acid

1-Amino-215-Benzonedioulfonic acid 544 13,333 HOOAC-1 20
1, 8-Naphthaloendiaznine

Sulfanilic acid 531 40,000 HOMC-120
1 -Amino -7 -Naphthalonesulfonic acid

4-Aminoacetophonono 519 18,000 liOAC-l 20
N-Phony 1-2 -Naphthylamine

Bulfanilic acid 511 11,000 IIOA -H20
N ,N-Diethylaniline

Di -o-Anisidine 598 10,333 liOh A20
N (1 -Naphthyl) ethylenediamine
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TADLE A-8 (Continued)

Reagent "MaM Solvent

5-Cblowo-2-Amiwianlsols 548 33,667 H0Ac-H20
14.mino-7-Naphthalonosulfouic acid -

Diaminodiphenyloulfons 528 44,000 IIAc-H20
1 -Amino -7-Naphthalenaeulfonic acid

Sulfanilamide 523 51,333 fl0&c.H20
1 -Amino-7-Naphthalensoulfouic acid

p-Aminobonxoic acid 564 49,667 HOAC.H120
N-Phenyl -1-Naphthylamine

Diazninodiphenylaulfone 566 47,000 HGAC-H20
N -Phenyl -1-Naphthylauaine

Sulfanilamnide 558 46,333 li0&c-H 20
N-Phenyl -1-Naphthylazmine

DI-julolidino-methane 636 193,333 HOOC-H20

Di-o-Anisidine 481 6,667 0.1 NAOli-
2 -Naphthol HOac-H20

Sulfanilic acid 348 4,433 0.1 NaOH-
Phenol HOO& O-H20

2 ,6-bia (diinethylamino)anthracene 469 2,667 HOAG-H 20

520 433,333 HOA~c-H 20

4,4~,41 !4ethylLdynetris(N,N- 590 17,000 HO&C.H20
dimtath!ylardiine

c ,cl-bis (p -dime thylaminophanyl) -2- 608 10,667 HOAC-li 20
methoxy-p-cresol

4-chloro-&,&-bia(p-iuiethylami.nopheny1)- 630 8,333 ROAD-H 20
o-cr.uol

4,4'(2-Thenylidan.)biu(N,N-diuwthyl- 626 5,333 HO~c-H 20
aniline) 379 25,667
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TABLm A-8 (Continued)

Reagent mnax a solvent

ast-bia (p-dimethyIlaminophonyl) -p-cresoI 607 21,667 N(A.H:2O
459 8,333

a A-b (p-dimethyl amanophonyl)-6 -sithoxy- 618 10,833 flokt .41
m-toluenesulfonic sodium salt 448 4,500

Anthranilc sacid 558 19,333 HokC.H20
N (I-Naphthyl)ethyloendiamine



TABLE A-9 EVALUAT ION OF NITRATE ESTER RZAGENT
FOR REPRODUCIBILIT

4let Evauatiton and La1luatin

1-Aiuino-7-Naphthalonesulfonic Acid 548 24,200 547 24,770
N-N-Dime thyl- 1-Nap thylamine

Sulfanilamide 555 43,970 556 44,830
N-Phenyl- 1-Napthylanine

p-Nitroaniline 558 31,370 557 33,033
N-Phenyl- 1-Na1phthylanine

p-Aminobanzoic Acid 537 30,500 536 25,570
8-Amino- 1-Naphthol-3, 6-dimulfonic Acid

p-Aminobenzonitrile 557 50,300 557 49,830
N-Phenyl- 1-Haphthylamine

p-Aminobenzoic Acid 555 36,670 553 32,670
N (1-Naphthyl)ethylenediamine

4-Amninosalicylic Acid 550 27,300 550 27,870
N( 1-Naphthyl)ethylenediamine

Procaine 530-535 42,330 533 45,770
N, N-Dime thy 1- -naphthyl~amine

p-Nitroaniline 528 45,300 527 45,830
N, N-Dimethyl-l1-naphthylamine

Sulfanilic Acid 550 33,300 552 19,900
N(1-Naphthyl) ethylenediamine

p-Nitroaniline 545 28,000 547 25,430
N- (1-Naphthyl)ethylenediamine

Procaine 550 30,670 548 22.170
N(1 -Naphthyl)ethy 1uned amine

p-Am~inobantonitrile 544 40,670 544 32,530
Nfl -Naphthyl)ethylenedismins

Diaminodiphenyloulfone 550 34,000 534 39,200
N( 1-Naphthyl)ethyloendiamine

m-Aminobtnzontrifluarid* 542 26,330 543 19,270
N (1- aphthyl)ethylenediamine

Diaaminodiphanylaul~fons 532 39,000 533 39,400
N ,f-Dimethyl-lI-naphthylamins
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TADBLE A-9 (Continued)

AstZvauaton_ an 4Ivluat ion
Reagent ^a max

p-Aminoacatophanons 538 43,000 539 41,900
N, N-Dimethyl- 1-naphthylamine

p-Aminobenzonitrile 528 38,000 527 38,900
N, N-Dimethyl-1-naphthylamine

p-Aminobenzoic Acid 535 47,000 539 39,270
N, N-Dlmethyl- 1-naphthylamine

Sulfanilamid. 544 33,000 545 27,400
N ( -Naphthyl)ethylonediamine

Sulfanilamide 524 44,700 526 44,300
1-Amino-7-naphthalensulfonic Acid

Diaminodiphenylsulfone 528 39,000 528 43,700
1-Axnino-7-naphthalenesulfonic Acid

Sulfanilamide 529 36,700 529 37,633
N, N-Diinethyl-l-naphthylamine

p-Aminobenzonitrilc 556 40,300 556 49,230
N-Phenyl- 1-naphthylaznineI

p-Aminoacetophenone 565 43,000 565 52,170
N-Phenyl- 1-naphthylamine

p-Aminobenzoic Acid 563 41,700 565 50,970
N-Pbenyl- 1-naphthylamine

I-Azuino-4-chloro-3-tolueneaulfonic Acid 535 28,700 538 35,833
1-Amino-7-naphthaleneuulfonic Acid

4-Aminoacetophenone 552 31,300 555 34,100
N (1-Naphthyl)ethylonediamine

1-Aiuino-2,5-dichloro-4-benzenesulfonic Acid 540 31,300 511 35,630
1-Amino-7-naphthalensoulfonic Acid

Sulfanilic Acid 531 40,000 533 41,570
1-Amino- 7-naphthalonesulfonic Acid

5-Chloro-2-aminoantsole 548 33,700 549 32,000
I-Amino-7-nophthalenoaulfonic Acid

Diaminodiphenyloulfone 528 44~,000 528 44,130
1-Amino-7-naphthalonesulfonic Acid
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TABLE A-9 (Continued)

lon Evalu!ation 3nd Evalua ion

Reagent Am"x msax

Sulfanilamide 523 51,300 525 44,270
1-Amino-7-naphthalenesulfonic Acid

p-Aminobenzoic Acid 564 49,700 564 51,970
N-Phenyl- 1 -naphthylamine

Diaminodiphenylu 1lone 566 47,000 562 51,633
N-Phenyl- 1-naphthylamine

Sulfanilamide 558 46,300 565 49,467
N-Phenyl- 1-naphthylamine
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TABLE A-1 2 EVALIUATION OF RDX REAGENTS

Reagent max 6 Solvent

p-Aminobenzoic acid 555 36,666 HOAc-HkO
N (3.-naphthyl) ethylonediamine

Aminosalicylic acid 550 27,333 ti0Ac-P!?0
N (1 -naphthyl) ethylenediamine

4-Aminoacetophenone 515-525 12,500 HOAc-1!20
N-Phenyl -2 -naphthylamine

Di-o-aniuidine 455 25,500 HOAc-H20I m-Phenylenediamine
Sulfanilic acid 453 19,778 HOAc-H20
m-Phenylenedieamine

p-Chloroaniline 550 14,333 HOAC 4120
N ,N-Dimethyl -iiiphthylamine

2-Naphthylamine-6,8.-disulfunic acid 558 5,500 HOAc-H2O i
N ,N-Dimethyl -1-naphthylamine

N,N,N',N'-Tetramethyl-p-phenyleaediamine 618 70,000 HOAc-H20

o-Tolidine 440 16,500 HOAc -H20

Procaine 530 -535 42,333 HQkc -H20
N,N-Dimethyl -1-naphthylamine

Sulfanilic acid 543 21,667 HOAc-H20
N ,N-Dimethyl -1-naphthylamine

Tetramethylbenz idine 470 7,833 HOkAc-H20

m-Phenylenediamine 450 16,444 HOAc..H20

1-Amino-7-naphthalenesulfonic acid 560 7,833 HGAc-H20
N (1-naphthyl )ethylenediamine

Sulfanilic acid 550 33,333 HOAc-H20
N (1-naphthyl)oethylenedian~ine

p-Nitroaniline 528 45,333 HQAc-H20
N ,N-Dimethyl -1-naphthylamine

Procaine 550 30,667 HGAc-H20

N (1-naphthyl)ethylenediamine
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TABLE A-12 (Continued)

Reagent Xmax 9 Solvent

2-Naphthylaiuine-6 ,8-dioulfonic acid 550 5,333 HO~c-H20
N (l-naphthyl)ethylenediamine

p -Chloroanil in. 560 22,000 HIOAc-H 2O
N (l-naphthyl)ethylenediamine

pmA~minobenzonitrilA 544 40,667 IIOAc-li20N (l-naphthyl)ethylenediamine

p -Phenylazoarii e 498 175,000 liOAc-H 20
N~(l-naphthyl)athyleiiediamine

Diaminodiphenylsulfone 550 34,000 HOAc-H20
N (I-naphthyl) ethylernediamine

Anthrai~ilic acid 558 19,333 HO&c-1120
N (1-naphthyl)ethylenedLamine

3 -Arninobentotrifluoride 542 26,333 HOAc-H20
N (1 -iaphthy ) ethylenediamine

Diaminodiphenyleul fone 532 39,000 HOAc-H20
N ,N-Dime~thil-1 -naphthylamine

4-Amirnoacetophenone 538 43,000 HOAc-H20
N ,N-Diimethy1-i-naphthylamine

p -Aminobenzoni tr ile 528 38,333 HI0Ac-H 20
N ,N-'Dimethy1 -t-naphthylamine

p-Arninobenzoic acid 535 47,333 liOAc-H20
N ,N-Dimethyl -1-naphthylamine

Sulfanilamide 544 33,000 HGAc-H20
N (1-naphthyl)ethylenediamine

4-Aminoacetophenone 530 17,333 Hi0Ac-H 201-Amino-7-naphthaleneeulfonic acid

3-Aminobenzotrffluorlde 521 15,000 HOAc-HO021 -Amino -7 -naphthalonesulfonic acid

p-Aniinobenzonitrilie 520 18,667 i"OC-H20
1 -Aain& -7 -naphthalenesulfonic. acid

Diaminodiphenylauu1one 528 39,333 HOAC-I 2O

1-Amino-7-naphthalenesulfonic acid
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TABLE A-12 (Cont~inued)

Reaagont xmAx 4Solven~t

p-Aminobensoic. acid 529 24,333 HQAc-1120
1-Amino-7-naphthialonesulfonic acid

Sul fani lamide 529 36,667 HOAC-H20
N,N.Diuiethyl-1 -naphthylamine

3-Aminobensotrif luoride 532 25,667 HOAc-1120
N,N-Dianethyl-1 -naphthylamine

p-Aminobenzoni~rile 556 40,333 HOAc-H20
N-Phenyl -1-naphthylamine

4-Aminoacetophenone 565 43,000 HOAc-H20
N-Pheriyl -1-naphthylamnine

IFp-%Aminobenzoic acid 563 41,667 HOAc-H20
N-Phenyl -1.-naphthylamine

1-Amino-4-chloro-3-tolueneaulfonic acid 535 28,667 HOAc -H20
1-.Aniino -7 -naphthalerkesulfonic acid

1-Amino-4-chloro-3-tolueneseulfonic acid 552 8,000 HOAc-H20
N (1-naphthyl )ethylenediamine

Sulfanilamide 544 17,000 HOAc-H20
1 ,8-Naphthalenediamine

Di -o -ardidine 564 14,333 HOAc-H20
l-Amino-7-naphthalenesulfonic acid

p-Aminoacetophenone 552 31,333 HOAc-H20
N(1-naphthyl)ethylenedLamine

1-Amino-2,5-dichloro-4-benzeneisuifonic acid 540 31,333 HOAc-H20
1-Amino-7-naphi~haleneaulfonic acid

Sulfanilic acid 531 40,000 HOAc-H20
1 -N~aphthylamine-7-oulfonic acid

Di-o-aniuidine 598 10,333 H0A~c.H20
N (1-naphthyl )e ihyle.nediamine

5-Chloro-2-aminoantsole 548 33,667 HQA~c-H20
1 -Amino-7 -naphthaleneaulfonic acid

Sulfanilaniide 523 51,333 liOAc-H20
1-Amino-? -naphthalenesulfonic acid



TABLE A-1 2 (Continued)

Reagent ~max CSolvent

Diaminodiphenylsul fone 566 47,000 HOAc-H20

N-Phenyl -1-naphthylamine

Dij ulol idylmethane 636 193,333 HOAc-H20

Di -o -anisidine 481 6,667 14a01:HOAc-
2-naphthol H120

I-~Amino-7-naphthalonesoufonic acid 548 24,100 HG~c-1120
N ,N -dimethyl -1 -naphthylamine

Di-o-aniaidine 544 8,300 HOAc-H20
N ,N-dimethyl -1-naphthylamine

Anthrardlic acid 541 4,333 HQAc..H20
N ,N-dimethyl -1 -.naphthylamine

Diphenylamine noI visible

5 -Chioro -2 -aminoaniso le 553 8,967 HOAc-H20
N,N-dimethyl -1-naphthylamine

Sulfanilimide 555 43,967 HOAc-H20
N-phenyl.-1 -naphthylamine

1-Amino-5-naphthalenesulfonic acid54 1000HcH0

Sulfanilimide 526 13,133 HOAac.H 20
1 -Amino -5 -naphthalenesulfonic acid

p-Nitroaniline 558 31,367 HOAc-H 0
N-phenyl -1-naphthylamine

Sulfanilic acid 538 19,100 HOAc-H20I ~ 1-Amino -7 -naphthalenesulfonic acid

4-Aminoacetophenone 518 18,533 HOAc-H20N-Phenyl -2 -naphthylamine

p-Aminobenzoic acid 537 30,500 HOAc-H20
8-Amino-1-raaphthol-3,6-disulfonic acid

Anthranilic acid 538 14,833 HOAc-H20
1-Amino-7 -naphthalenesulfonic acid
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STABLE A.12 (Continued)

Reasene Xmax € $olvenl:

t i t I |

Dt.-o-4nis/.dine 612 21,367 HOAc-H20
H-Phenyl-l-naphthylamine

p-Amlnoben•onttrile 557 50,300 ltOAc-H20
N-Phenyl-1 -naph1:hylamlne

,,b•,• Jill [ II•l l i
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TABLE A-1 3 EVALUATION 0F RDX AND NITRATE ESTER REAGENTS

let Evaluation 2nd Evaluation

Reagent WMAX 6 %max 6

l-Amino-7-Naphthalenesulfonic Acid 548 24,100 547 24,770
N -N-Dimethyl -l-Naphthylamine

Sulfanilamide 555 43,970 556 44,830
14-Phanyl1-l -Naphthylamine

p-Nitroeniline 558 31,370 557 33,033
N-Phenyl -l -Naphthylamine

p-.minobanzoic Acid 537 30,500 536 25,570
8-Amino-l.Naphthol-3,6-di5ulfoflic acid

p-Aminobenzonitrile 557 50,300 557 49,830
N-Phenyl-l-Naphthyl amine

p-Aminobenzoic Acid 555 36,670 553 32,670
N (I-Naphthyl)ef.hylenediamine

4-Aminosalicylic Acid 550 27,300 550 27,870
N (1-Naphthyl)ethylenediamine

Procaine 530-535 42,330 533 45,770
N ,N-Dimethyl -1-naphthylamine

p-Nitroaniline 528 45,300 527 45,830
N,N-Dimethyl-1 naphthylaminie

Sulfanilic Acid 550 33,300 552 19,900
N (1 -Naphthyl )ethylenediamine

p-Nitroani'Lire 545 28,000 547 25,430
N (1-Naphthyl)ethylenediamine

Procaine 550 30,670 548 22,170
N (1 -Naphthyl)ethylenediamine

p-A~minobenzonitrile 544 40,670 544 32,530
N (1 -Naphthy ) ethylenediamine

Diaminod iphenyl guifone 550 34,000 534 39,200
N (1-Naphthyl)ethylenediamine

m-Aminobenzotrifluoride 542 26,330 543 19,270
N (1 -Naphthyl )ethylenediamine

Diaminodiphenyleulfone 532 39,000 533 39,400
N ,N-Dimethyl -l -napltthylamine



TABLE A-13 (Conttrnaed)

lotEvauaion 2nd Evaluation
Reagent %max 6 max 9

p -Aiinoacetophenone 538 43,000 539 41,900
N ,N-Dituethyl -I-naphthylamine

p..Aminobenzonitirile 528 38,000 527 38,900
N ,N-Dimethyl -I-naphtbylamine

p-Aminobensoic acid 535 47,000 539 39,270
N ,N-Dimethyl -1-rotphthylamine

Sulfanilamide 544 33*000 545 27,400
N (1 Naphthyl) ethylenediamine

Sul fanil amide 524 44,700 526 44,300
1 -Amino -7 -naphthalenesulfouic acid

Diaminodiphenyleul fone 528 39,000 528 43,700
1-Amino -7 -naphthalenesulfonic acid

Sulfanilamide 529 36.700) 529 37,633
N ,N-Dim~ethyl-1 .naphthylamine

p 1mninobenzoni trule 556 40,300 556 49,230
N-Phenyl -1.-naphthylamine

p -Aminoacetophienone 565 43,000 568 52,170
N -Phenyl -1-naphthylamine

p-Aminobenzoic acid 5t,3 41,700 565 50,970
N -Phenyl -1-naphthylamine

1-Aminu-4-chiloro-3-toluenesulfonic acid 535 28,700 538 35,833
1-Amino-7-naphthalenesulionic acid

4-Aminoacetophenone 552 31,300 555 34,100
N (1 -Naphthyl)ethylenediamineI1-Amino-2,5-dichloro-4-benzeneuulfonic acid .540 31,300 511 35,630
1-Amino -7 -naphthalenesulfonic acid

Sulfanilic acid 531 40,000 533 41,570
1-~Amino-7-naphthalenesulfonic acid

5 -Chioro -2 -aminoanisole 548 33,700 549 32,000
I .Amilno-7 -naphthalenesulfonic acid

Diantinodiphenylsul fone 528 44,.-00 528 44,130
1 4Lmino -7 -naptithalenesulfonic acid
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TARLE A-13 (Continued)

Rot nvaluation 2rid 114 1MAIo2n
Reagent max S max €

Sulfanilamide 523 51,300 525 44,270
1 -Amino-7-naphthalenaaulfonic acid

p-Aminobenzoic acid 564 49,700 564 51,970
N-Phenyl-l-naphthylamine

Diaminodiphenyleulfone 566 47,000 562 51, 633
N -Phenyl -1 -naphthylamine

Sulfan:Llamide 558 46,300 565 49,467
N-Phenyl-1 -naphthylamine

I
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